The concentration of methanesulfonic acid (MSA) was determined in a shallow south central Greenland ice core (20D). This study provides a high-resolution record of the DMS-derived biogenic sulfur in Greenland precipitation over the past 200 years. The mean concentration of MSA is 3.30 ppb (o = 2.38 ppb, n = 1134). The general trend of MSA is an increase from 3.01 to 4.10 ppb between 1767 and 1900, followed by a steady decrease to 2.34 ppb at the present time. This trend is in marked contrast to that of non-sea-salt sulfate (nss SO42-), which increases dramatically after 1900 due to the input of anthropogenic sulfur. The MSA fraction ((MSA / (MSA +nss SO42-)) * 100) ranges from a mean of 15% in preindustrial ice to less than 5% in recent ice. These MSA fractions suggest that approximately 15 to 40% of the sulfur in recent Greenland ice is of biological origin. It is suggested that there is a significant lowlatitude component to the biogenic sulfur in the core and that variations in the MSA fraction reflect changes in the relative strengths of low-and high-latitude inputs. The data show no evidence for a strong dependence of dimethyl sulfide (DMS) emissions on sea surface temperature during the last century. There is also no indication that the yield of MSA from DMS oxidation has been altered by increased NO x levels over the North Atlantic during this period. 1147 Burgermeister, S., and H.-W. Georgii, Distribution of methanesulfonate, nss-sulfate and dimethylsulfide over the Atlantic and the North Sea, d. Atmos. Environ., 10, 341-370, 1989. Charlson, R. J., J. E. Lovelock, M. O. Andreae, and S. G. Warren, Oceanic phytoplankton, atmospheric sulphur, cloud albedo and climate, Nature, 326, 655-661, 1987.
The precision of the analysis is better than ñ5% (lc0 at 1 ppb. The detection limit of the method is a function of sample volume. For a 3-ml sample, the detection limit is approximately 0.15 ppb. A number of the ice core samples were analyzed by standard additions, in order to insure that there were no losses from self-elution through the precolumn. This is of particular concern for weakly retained anions such as MSA and with samples which may vary widely in ionic content, for example, in ice core samples with volcanic $ulfate peaks. These tests indicated quantitative trapping of MSA by the precolumn in all cases.
Non-sea-salt sulfate (nss SO42') is calculated from the measured concentrations of SO42' and Na +, assuming that the sea-salt component has the Na+/SO42' weight ratio of seawater (0.2517). The uncertainty in each measurement is approximately ñ5% (lc0. In this core the sea-salt component of the total sulfate has a mean of 8.7ñ12.5% (n=1107). The total uncertainty in the nss SO42' is therefore of the order of ñ7% (lc0.
Previous studies of marine aerosols and precipitation
have utilized the MSA/nss SO42' ratio in order to examine the relationship between these species and the origin of prior to 1900 in 20D is lower than the expected mean value of 30% in high-latitude marine boundary aerosols and exhibits larger variation than anticipated if a uniform biogenic source predominated over other sources. We suggest that both of these observations may be related to the latitudinal distribution of the DMS source. In modern marine boundary layer aerosols the MSA fraction is a strong function of latitude, with higher fractions at higher latitudes (Figure 7) . This effect has been attributed to the temperature dependence of the reaction pathways of DMS oxidation [Hynes et al., 1986; Berresheim, 1987] . Because the mean MSA fraction in low-latitude and highlatitude regions is 5% and 30%, respectively, the mean preindustrial MSA fraction of 15.8+11.1% (lc•, n=628) observed in 20D ice suggests that low-and high-latitude sources contribute in roughly equal proportions to the precipitation chemistry of this region. It is interesting to note that Johnsen et al. [1989] reached similar conclusions regarding the importance of the low-latitude oceans as water vapor source regions for the Greenland ice sheet. The variability of the preindustrial MSA fraction in the ice core could reflect temporal variations in: (1) the sea-to-air flux of DMS from high-and lowlatitude source regions or (2) the efficiency of atmospheric transport from these regions to the site.
This interpretation of the MSA fraction inherently assumes that preindustrial non-sea-salt sulfate is predominantly of marine origin. Other potential sources include terrestrial biogenic sulfur gas emissions (other than DMS), terrestrial dust, and volcanic sulfate. Bates et al. [1992] estimate that the biogenic sulfur gas emissions from the continents totals less than 5% of the oceanic source, even in the northern hemisphere, so this source is insignificant. The contribution of aeolian dust to the atmospheric sulfate burden is also thought to be small. . [1987] ). Thus including the noneruptive volcanic emissions has only a minor effect on the preindustfial MSA fraction. However, there is a lot of uncertainty in the estimation of noneruptive volcanism and currently there is no way to independently estimate the input of noneruptive volcanism from the ice core. If we assume that the preindustrial MSA fraction represents the natural sulfur source to the Greenland ice sheet and that this value remained constant during the industrial period, we can estimate the impact of anthropogenic sulfate inputs on the region during the last century. Using the MSA fraction of 16% to characterize the natural sulfur input to the ice core, we calculate that anthropogenic sulfur contributed 50% of the total sulfur around 1890 and increased to 80% of the total sulfur at present. Taking into account the full range of variability in preindustfial MSA fractions (10% to 25%), we estimate that approximately 60% to 85% of the total sulfur deposited at 20D over the last 20 years was derived from anthropogenic sources. Different strategies for evaluating the importance of various sulfur sources give similar results. Langner and Rodhe [ 1991] 
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